Seven strains of Mycoplasma hominis from human genital tracts were selected to produce antisera. The complement-dependent mycoplasmacidal (MC) activity and two complement-independent activities, metabolic inhibition (MI) and agglutination during growth (GA), of these sera were compared. The GA and MI tests were equivalent in titer and generally not affected by concentration of antigen; they revealed specific cross-reacting patterns among the seven strains. There was little if any cross-reactivity with antisera to other human mycoplasmas or to Mycoplasma arthritidis. Control sera from unimmunized rabbits and sera against concentrated uninoculated culture media were also nonreactive. On the other hand, the sensitivity and specificity of the MC test were affected by the concentration of antigen: at about 102 color-changing units (CCU) of antigen, all strains were equivalently cross-reactive against the seven antisera, but at 102 to 104 CCU the individual strain specificity appeared, whereas at about 105 CCU little or no antibody was detectable by MC. The MC tests with the lowest concentrations of antigen gave the highest titers of antibody, but at such low concentrations of antigen there was not only loss of individual strain specificity but also some cross-reactivity against other human mycoplasmas, M. arthritidis, or control rabbit sera. Studies with paired human sera also indicate that the MC test with small amounts of antigen is more sensitive than GA-MI.
The most widely used serological technique in the study of human mycoplasmas has been the metabolic inhibition test (MI), but the test has not been particularly sensitive and is subject to variation (5). We have recently described a sensitive and specific mycoplasmacidal test for both T-mycoplasmas and Mycoplasma hominis (3, 4) and have studied the various interactions of M. hominis with specific antiserum, in the presence and absence of complement (J. S. Lin and E. H. Kass, manuscript in preparation). The present experiments were designed to compare differences in sensitivity and specificity of the complement-dependent mycoplasmacidal (MC) and the complement-independent MI and agglutination during growth (GA) tests. It will be shown that the MI and GA tests are similar but are in turn different from MC in sensitivity and specificity, and each has desirable characteristics for certain serological purposes.
MATERIALS AND METHODS
Strains of M. hominis other than the prototype strains were isolated in our laboratory from vaginal swabs of pregnant women (1) . The genital prototype strain PG21 was obtained from R. H. Purcell from the National Institutes of Health and maintained in our laboratory. Six additional selected strains of M.
hominis were purified three times by terminal dilution (4) and used to make antisera.
The procedures for preparing the organisms and the rabbit sera have been described (1) . The horse serum used in the medium (1) (1) , a colony-like growth appeared on the bottom of the wells after 2 days of incubation and just before changes in pH were detected, and the titers stabilized after 5 days of incubation, the colonies in the liquid then being stable for at least 7 days of incubation.
RESULTS
All the homologous and the heterologous GA and MI titers were similar, if not identical (Table 1 ). There were cross-reacting patterns among the seven strains as demonstrated by the reciprocal titers. The dynamics of the two reactions were also alike, e.g., the end-point titers were constant within the concentrations of antigen (104 to 102 CCU) tested. End points in the microtiter wells changed more rapidly with time than did end points in the test tube, probably reflecting the larger amount of buffer in the latter. Since it was easier to read end points for the GA test in the wells, the GA test was selected for further detailed studies.
The GA tests in the microtiter systems gave end-point titers which were not affected by the concentration of antigen present. End points were almost identical for the tube and microtiter systems (Tables 1 and 2 ). Serological relatedness among the seven strains was calcu- one of the 18 (P < 0.01). Moreover, the MC titers were invariably twofold or more greater than the GA files. Among those sera that were positive for both tests, two pairs had MC titers of 256, whereas the corresponding GA titers were only 16 or 32.
Specificity of the GA and the MC tests. There were few or no detectable GA titers (< 16) in antisera to other human mycoplasmas, to M. Reproducibility of the tests. All the GA tests for the seven reference strains were performed at least 10 different times through the course of the study. The variations for a strain-antiserum combination were twofold or less ( Table 2 ). The MC titers with smaller concentrations of antigen were consistent, but with greater amounts of antigens, the reproducibility of the MC tests depended on the rigid control of antigenic concentrations and complement activity. Breakthrough was occasionally observed at low dilutions of antiserum, particularly with heterologous strain-antiserum combinations.
DISCUSSION
The conventional MI test for human genital mycoplasmas, which allows the organism to grow in the presence of antibody, detects a delay in metabolic activity that is induced by antiserum and generally includes complement in the test systems (5). The release of ammonia from certain metabolites, e.g., urea for T-mycoplasmas and arginine for M. hominis, makes it possible to detect changes in pH in the media as the mycoplasmas multiply. Because of the requirement of complement for the rapid inactivation of mycoplasmas by the antisera, and because of the presence of ammonia-sensitive components in the complement system, technical difficulty in the conventional MI tests could be attributed to the variable activity of the complement (4) under the conditions of growth.
The present data show that the complementindependent GA or MI tests and the complement-dependent MC tests are not identical in their specificity, dynamics, and sensitivity. Depending on the activity of the complement and amounts of antigen present, both the MI and the MC reactions could take place in a single reaction system, and it is difficult to determine the relative contributiQns from these two reactions to the end point. However, in the present studies, the complement-dependent MC reactions were carried out with definite amounts of antigens in a medium free of ammonia-yielding substrates. After the completion of the killing reaction, growth medium was added to allow the surviving organisms to multiply and the complete inhibition of pH changes was taken as the end point. In the GA or the MI, complement activity was excluded from the test systems.
The GA and MI titers for the seven strains of M. hominis were similar, if not identical. Therefore, these two tests can be considered to measure the same antigen-antibody system. Furthermore, serological relatedness, as calculated by the reciprocal GA titers, were very close to those calculated using the MI titers, indicating that the specificities of the two tests are similar. The similarity, and the fact that GA is detectable before MI, suggests that MI may be a reflection of agglutinated organisms in the growth phase of the mycoplasmas, thus interfering with availability of substrate or with release of product or both.
Serological heterogeneity among human M. hominis was previously detected by the conventional MI (2, 5) , and by indirect hemagglutination tests (6 and 132. Strain 93 had the hithest rise in titer, from 128 to 2,048 in animals receiving uninoculated medium. The basis for this strange pattern of apparent cross-reactivity requires more study.
Both the MC and GA titers in rabbit antisera and the MC titers in human sera were resistant to 2-mercaptoethanol (J. S. Lin, unpublished observations), suggesting that macroglobulin antibody was not greatly involved in these systems. The occurrence of mixed GA and MC reactions with high concentrations of antigen in the presence of complement suggests that the specificity of the antigens involved in these two tests may not be identical. Studies now in progress show that both GA and MC antibody activities were completely adsorbed or inhibited by cell membrane preparations, and that some biochemical differences were detected between antigens participating in the MC and the GA tests (J. S. Lin, unpublished results). The serological heterogeneity of human M. hominis is clearly established. Whether different strains play different physiological roles remains to be shown.
In brief, it appears that the complementdependent MC test with low concentrations of organisms is more sensitive and is suitable for detecting human antibody responses, whereas the complement-independent GA test is more specific and technically less demanding and is suitable for subtyping M. hominis. The MI test seems to be equivalent to the GA but takes longer for the end point to appear, and breakthrough occurs.
